We have suggested a novel family of wireless single-electron digital devices, based on the parametric excitation principle. The basic cell is a short array of small conducting islands separated by tunnel barriers with relatively low capacitance and conductance. External rf (clock) field creates conditions for spontaneous breaking of the charge symmetry of the cell. The symmetry may be broken by the signal field provided by the neighboring cell(s). This mode ensures robust operation of the parametron-based logic circuits. Moreover, these devices may be reversible, dissipating energy well below kBT ln2 per logic operation.
INTRODUCTION
The effects of correlated single-electron tunneling may be used for implementation of ultradense (n> 100 Gb/cm2) digital circuits of several types ]. Circuits based on Single-Electron-Transistor (SET) logic [2] may be close in design to the usual CMOS circuits, but their static power consumption is too high to allow room-temperature operation. This drawback may be avoided in devices of Single-Electron Logic (SEL) ], which use trapping of single electrons in conducting islands to present digital bits and hence do not have static power dissipation.
Since 1987, several families of SEL devices have been suggested (see Ref. [1] and references therein). In the recently suggested Wireless Single-Electron (WISE) logic [3] which is a SEL-type logic, the necessary energy is supplied by the time-depending electric field Em(t), which also serves as a global clock. When the field Era(t) exceeds some threshold value E t, it induces electric polarization of short one-dimensional arrays serving as basic cells. Field [4] . The only substantial difference between these devices is that the PQ is described by a continuous degree of freedom (Josephson phase difference ) while the single-electron parametron is characterized by a discrete charge (or the dipole moment P). It is easy to show, however, that both devices share the same basic property: they may operate reversibly. It means that slowly changing external fields may switch the device from one stable state into another adiabatically, with the total energy dissipation much below the apparent limit kBT ln2. As a result, the single-electron parametron may be used as a basic cell of reversible computers, provided that their structure supports the informational reversibility (see Ref. [4] and references therein).
Practically, it is more convenient to avoid electric charging of each parametron cell. The device may operate equally well with excitation of electron-hole pairs ("excitons").
old, it becomes energy advantageous for the electron to tunnel from the middle island into one of the edge islands, either right or left one. If the system is completely symmetric along axis y, this symmetry breaking is spontaneous, and the direction of the resulting electric dipole moment of the system is random:
P=+_Pony. If, however, the symmetry is broken by some external field E with a component along axis y, i.e. by dipole field of a similar neighboring cell, the direction of the electron tunneling and hence of P will be predetermined by this field (middle frame in Fig.  b) . Finally, when E m is well below E t, the electron is 3. SHIFr REGISTER Figure 2ashows a possible structure of a shift register based on single-exciton parametron cells. The middle island of each cell of offset from its axis by the same distance; in each following cell of the structure the direction of this offset is rotated by angle re/3 within plane (x,z). 
